lung volume ^ 75.7 and observed-to-expected lung volume ^ 68.3 were associated with lethal pulmonary hypoplasia. Conclusion: In this small cohort, MRI-estimated lung volumes were helpful in predicting the presence of pulmonary hypoplasia complicating fetal cervical teratoma.
Introduction
Cervical teratoma, a germ cell tumor containing ectoderm, mesoderm and endoderm, is a rare fetal condition that can complicate the pregnancy, delivery and postnatal course. Cervical teratomas that are large in size can cause hyperextension of the neck in addition to potentially obstructing the airway or impeding fetal swallowing. As a result, polyhydramnios frequently occurs and increases the incidence of preterm labor and delivery. Hydrops and stillbirth have also been reported in association with cervical teratomas. A vaginal delivery is usu-ally not feasible due to the size of the teratoma and the hyperextension of the fetal head and neck.
The most common cause of death in neonates with a cervical teratoma is the inability to secure an airway after delivery. One of the most successful applications of the ex utero intrapartum treatment (EXIT) strategy has been in cases of giant cervical teratomas to allow time on placental support to secure the airway prior to delivery, reducing the risk of hypoxia and death [1] [2] [3] [4] . In some cases, despite the success of the EXIT strategy in securing an airway, neonatal mortality can occur due to pulmonary hypoplasia associated with cervical teratoma. Pulmonary hypoplasia is an underappreciated complication of cervical teratoma, which has been reported in up to 30% of neonates born with a giant anterior cervical teratoma [5] . This may occur secondary to the neck mass severely hyperextending the fetal neck, pulling the carina up to or above the thoracic inlet, wedging the lungs into the apices of the chest cavity and impeding normal lung development [5] .
The prognostic value of estimating fetal lung volume in fetuses with cervical teratomas is unknown. In fetuses with other etiologies of pulmonary hypoplasia, such as congenital diaphragmatic hernia, the fetal lung volume estimated on MRI is helpful, although institution specific, in predicting survival and the need for extracorporeal membrane oxygenation. Neonatal survival and short-term outcomes can be predicted based on comparisons with established normal ranges for lung volumes [3, [6] [7] [8] [9] [10] [11] [12] [13] . If fetal lung volume in the setting of giant cervical teratomas can identify fetuses at risk for lethal pulmonary hypoplasia, we could more accurately counsel our patients on the survival of their fetus. In addition, identifying fetuses at high risk for lethal pulmonary hypoplasia would allow consideration for open fetal surgery to resect the mass, thereby allowing resolution of neck hyperextension and subsequent pulmonary development. In the absence of fetal surgery, low lung volumes would identify fetuses at high risk of mortality due to pulmonary hypoplasia despite the EXITto-airway strategy. The purpose of this study was to determine whether fetal lung volumes estimated by MRI in a cohort of fetuses with cervical teratomas could identify those at risk of lethal pulmonary hypoplasia.
Materials and Methods
Institutional review board approval was obtained from Cincinnati Children's Hospital Medical Center for this retrospective chart review. A retrospective cohort study was conducted on all patients diagnosed and evaluated for fetal cervical teratoma that were delivered at our center from January 1, 2005, through April 1, 2012. The Fetal Care Center of Cincinnati electronic database was searched for patients with a referral diagnosis or working diagnosis of either a cervical teratoma or a neck mass, or any patient who had an EXIT-to-airway procedure performed. The authors then reviewed the charts for eligible patients. Patients were included only if the prenatal diagnosis was cervical teratoma and the delivery was managed at our center. Demographic data, ultrasound findings, administration of betamethasone, obstetrical outcomes including polyhydramnios (AFI 1 24 cm) and hydrops (abnormal accumulation of fluid in at least two compartments), operative findings, neonatal survival were recorded. Neonatal autopsies were reviewed for cause of mortality. The director of Pathology and Laboratory Medicine (D.P.W.) reviewed the lung histology of each neonate that died. The pathologist was blinded to the fetal MRI lung volumes and diagnosed pulmonary hypoplasia qualitatively if the lung histology showed incomplete development for gestational age. Similarly, all fetal MRI images were reviewed by a single radiologist blinded to the outcome in these cases. Total lung volumes were calculated from a series of images on the fetal MRI. The series selected for calculation of total lung volumes were those that sequentially imaged the entire fetal lung in coronal plane without significant fetal motion artifact. The images were transferred to a Vitrea workstation on which the boundaries of the lungs were defined for calculation of a total lung volume. Lung volumes measured by fetal MRI imaging were compared to gestational age-matched normative values [14] .
The primary outcome measure was the ability of fetal lung volumes measured by MRI to predict neonatal mortality specifically due to pulmonary hypoplasia prior to hospital discharge. Secondary variables included neonatal death from any cause, stillbirth and the method of obtaining an airway at the time of delivery. One mother had two fetal MRIs performed during her pregnancy, and in this case, the latter of the two studies was used in this study and lung volume analysis was not performed on the first MRI.
Statistical Analysis
Dichotomous variables were created for lung volumes below the median, 1 standard deviation or more below the median and 2 standard deviations or more below the median. Continuous variables were created for the percent of observed-to-expected lung volume and the percent predicted lung volume. The percent of observed-to-expected lung volume was calculated by dividing the measured volume on MRI by the expected mean volume and multiplying by 100. The percent predicted was calculated by dividing the measured lung volume by the product of 0.0033 and gestational age to the square root of 2.86 as previously reported by Rypens et al. [14] . 
Results
We reviewed the charts of 27 patients referred for a fetal neck mass. Thirteen fetuses were prenatally diagnosed with a cervical teratoma. Fourteen fetuses with fetal neck masses were excluded due to diagnosis other than cervical teratoma (lymphangioma n = 7, hemangioma n = 2, epignathus n = 2, intracranial teratoma n = 1, goiter n = 1, vascular malformation n = 1). One patient had a maternal medical contraindication to delivery via EXIT-to-airway and was managed at her home institution and therefore was excluded. Twelve patients were included in this study. Average gestational age at the time of imaging was 29 3/7 weeks (range 23 4/7 -34 5/7 weeks). The average gestational age at delivery was 32 3/7 weeks (range 24 2/7 -36 5/7 weeks). All women received a course of betamethasone for fetal lung maturity prior to delivery. No stillbirth occurred. Polyhydramnios occurred in 11 of 12 pregnancies. Hydrops occurred in 5/12 fetuses. EXIT-to-airway strategy was used for 11/12 patients and an airway successfully secured in all cases: 7 of 12 via orotracheal intubation and 5 with retrograde intubation via tracheotomy and repair. Neonatal death occurred in 5 of 12 fetuses: 1 case of massive hemorrhage during resection of the cervical teratoma secondary to venous hypertension and capillary leak syndrome on day of life (DOL) 9, 1 case of laryngotracheomalacia and tracheal collapse with attempted tracheotomy on DOL 30, and 3 cases of pulmonary hypoplasia (DOL 1-2).
Three neonatal deaths were attributed to pulmonary hypoplasia as documented in the discharge summary and autopsy report. One neonate died on DOL 1 from respiratory failure secondary to pulmonary hemorrhage and pulmonary hypoplasia. The second neonate died on DOL 2 from acute respiratory distress syndrome and disseminated intravascular coagulopathy. The third neonate died at 22 min of life despite cardiopulmonary resuscitation; the cause of death on autopsy was immaturity and pulmonary hypoplasia. These 3 neonates had pulmonary hypoplasia confirmed on histology. In contrast, the 2 neonates that died from other complications had normal pulmonary development on histology.
In this cohort, the prevalence of lethal pulmonary hypoplasia was 25%. Table 1 compares the fetal findings on neonates with lethal pulmonary hypoplasia compared to pulmonary survivors. Those with lethal pulmonary hypoplasia had similar gestational ages at evaluation and delivery, and a similar rate of polyhydramnios compared to pulmonary survivors. The fetuses with lethal pulmonary hypoplasia were more likely to develop hydrops. The median percent predicted and observed-to-expected lung volumes were significantly greater in the pulmonary survivor group. The 3 neonates with lethal pulmonary hypoplasia all had fetal lung volumes more than 1 standard deviation below the median and statistically significantly differed from pulmonary survivors, all of whom had lung volumes within or above 1 standard deviation of the median (p = 0.005, fig. 1 ). Fetal MRI-derived total lung volumes 1 standard deviation below the median for gestational age had a positive predictive value of 100% in predicting lethal pulmonary hypoplasia. Conversely, to- 
Discussion
Lethal pulmonary hypoplasia occurs in neonates with anterior cervical teratomas, which may be a consequence of hyperextension of the neck pulling the carina and the distal trachea up to the neck and the lungs into the thoracic apices. The presence of pulmonary hypoplasia can be predicted on prenatal MRI. In this small cohort of patients prenatally diagnosed with an anterior cervical teratoma, the prevalence of lethal pulmonary hypoplasia was 25%. We found that fetal lung volumes 1 standard deviation or more below the median for gestational age had a high positive and negative predictive value in the setting of anterior cervical teratomas, and this threshold value was statistically significant when comparing neonates with lethal pulmonary hypoplasia to pulmonary survivors.
The limitation of this study is the small sample size, which makes it difficult to draw definitive conclusions. There were only 3 neonates with lethal pulmonary hypoplasia in this cohort of 12 fetuses with anterior cervical teratomas. Moreover, large anterior cervical teratoma is a rare condition. There are only a few larger series of prenatally diagnosed anterior cervical teratomas, none of which report predictors of pulmonary hypoplasia. The fetal MRIs in this cohort were performed during the evaluation of the neck mass, and not specifically for estimating total lung volumes. The gestational age at the time of MRI varied from 23.6 to 34.7 weeks. From previously reported studies, we know that lung growth is not linear, with accelerated lung growth occurring later in gestation. The optimal gestational age for MRI-estimated total lung volumes in the setting of a cervical teratoma is unknown. Furthermore, estimated lung volumes may be institution specific and we did not test the reproducibility of estimated fetal lung volumes in this study. Ideally, a prospective study would be done to evaluate the utility of using the cut-off points for percent predicted or observed-toexpected lung volume that were associated with lethal pulmonary hypoplasia in this cohort. Despite these limitations, obtaining total lung volumes in prenatally diagnosed cervical teratoma may prove useful in counseling patients.
Families of fetuses diagnosed with a fetal anterior cervical teratoma should be told that the neonate is at risk for lethal pulmonary hypoplasia. Families may decline the EXIT-to-airway procedure given the potential maternal risks and the implications for her future pregnancies when the neonatal prognosis is poor due to suspected pulmonary hypoplasia. On the other hand, open fetal re- 
